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The increasing importance of aquaculture, at present, is undoubtedly recognized. The
sector is expected to effectively contribute to food security, nutritional well-being,
poverty reduction and economic development. EHowever, biosecurity lapses and
transboundary aquatic animal diseases pose significant constraints to aquaculture
sustainability. This paper discusses how aquaculture development brings new chal-
lenges to aquatic animal health. These challenges include compliance to international
treaties, practical implementation of regional guidelines and national strategies, in-
creasing biosecurity and biosecurity awareness at all levels, empowering farmers to
manage disease and other risks through better management practices, and conduct-
ing targeted research that will support biosecurity assessments. A short briefon emerg-
ing and re-emerging issues such as chemical usage, climate change and disease ecol-
ogy, fish welfare and fish health, fish-vet cooperation and certification scheme for

aquatic animal health service providers is included.
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ply, the fastest food producing sector, the

1. Introduction future of fisheries.
The increasing importance of aquacul-
Aquaculture is now known as the emerging  ture is, at present, undoubtedly recognized.
agriculture, the catalyst of the ‘blue revolu-  Aquaculture production has substantially
tion’, the answer to world’s future fish sup-  grown accounting for nearly 50 percent of
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tlie world’s aquatic food supply. It is antici-
pated that aquaculture will further contrib-
ute 85 million tonnes of aquatic food by
2030, an increase of 37.5 million tonnes over
tlie 2004 level (FAO 2007a), with minimum
impact to the environment and maximum
benefit to society. Thus, the sector is ex-
pected to effectively contribute to food se-
curity, nutritional well-being, poverty re-
duction and economic development.

Aquaculture’s contribution to the food
fish supply continues to increase. Given that
production from capture fisheries will likely
stagnate, it can be foreseen that a greater
share of future food fish supply will come
from aquaculture. Figure 1illustrates the past
and projected contribution from capture fish-
eries and aquaculture. The green line shows
that in 2005, aquaculture supplied nearly half
(45.5%) ofall food fish for human consump-
tion; the yellow line shows that by 2015,
aquaculture will be required to supply half
of'the food fish supply; the white line shows
that aquaculture will be required to supply
85 million tonnes by 2030. In both scenarios,
tlie assumption is that capture fisheries pro-
duction and the proportion of the catch des-
tined for fish meal and fish oil (non-food
uses) remain equal to the average 2000-2005
figures (FAO 2007a).
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Fig. 1.
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The 2006 State of tlie World Aquaculture
(FAO 2007a) identified five major trends,
namely: (i) intensification of aquaculture
production driven by the availability of sites
and ability to exploit non-agricultural land;
(ii) diversification of species use, e.g., high
value marine species; (iii) increasing atten-
tion on better management of the sector;
(iv) increasing influence of markets, trades
and consumers—greater attention to food
quality and safety, moving towards adding
and processing of products for export; and
(v) enhancing regulation and improving gov-
ernance, with emphasis on self-regulation by
farmer association.

The levels of projection shown in Fig. 1
and the major trends identified will pose a
big challenge to tlie aquaculture sector.

2. International Trade

Alongside with the expansion, intensifica-
tion and diversification of aquaculture is tlie
enhancement of trade in aquaculture species,
products and services. The global trade in
live aquatic animals (fish, crustaceans, mol-
luscs, other invertebrates, aquatic plants, am-
phibians, etc.) and their products is carried
out for a variety of reasons such as: ornamen-
tal/aquarium trade, aquaculture development,

o Capture

o Aquaculture

Past and projected contribution of aquaculture to per capita food fish supply.
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food (live food market), baitfish, capture
fisheries development/enhancement, biologi-
cal control, angling/sport development, oth-
ers (e.g. animal feed, medicine and health
products, etc.) (Arthur 2004). Trade of
aquaculture coimnodities, whether live ani-
mals or products, is an important income-
generating activity for primary producers
which contributes significantly to their eco-
nomic well-being. It is thus expected that
trade will continue, legally or otherwise, and
new market opportunities will be seen. Since
all movements of live aquatic animals in-
volve an element of pathogen risk, it can be
expected that unregulated and irresponsible
trading will facilitate new mechanism by
which pathogens and diseases may be spread
to new areas together with host movement.
Aquatic animal healdi will dierefore continue
to be a challenging issue to aquaculture de-
velopment and sustainability.

3. Biosecurity Lapses and TAADs—
Significant Constraints to Aquaculture
Production

Transboundary aquatic animal diseases or
TAADs, similar to transboundary animal dis-
eases (TADs) in the livestock sector, are dis-
eases that are highly contagious, have the po-
tential for very rapid spread irrespective of
national borders and cause serious socio-eco-
nomic consequences (Baldock 2002;
Bondad-Reantaso 2004). The introduction
and spread of many of these padiogens across
many aquaculture regions of the world is one
of impacts of trade globalization. Other fac-
tors responsible for the current disease prob-
lems faced by the aquaculture sector include
intensification of aquaculture through trans-
location of broodstock, post-larvae, fry and
fingerlings; development and expansion of
tlie ornamental fish trade; enhancement of
marine and coastal areas through stocking
with aquatic animals raised in hatcheries ; the
misunderstanding and misuse of specific
pathogen free (SPF) stocks; unanticipated

interactions between cultured and wild fish
populations; slow awareness on emerging
diseases; climate change. In additional to tlie
above, inadequate or poorly implemented
biosecurity measures ranks high in the fac-
tors which have led to significant losses due
to aquatic animal diseases on a global scale
(Bondad-Reantaso e/ al. 2005).

Infectious diseases are constraining the
development and sustainability of the
aquaculture sector through direct production
losses and increased operating costs and in-
directly, through restrictions on trade and
impacts on biodiversity. Even though sys-
tematic assessments of the impacts of
transboundary aquatic animal diseases are
lacking, some data are available in the grey
literature. Bondad-Reantaso e/ al. (2005)
reviewed these impacts which have been
expressed in tenns of monetary estimates,
percentage decrease in production, export
losses, unemployment, closure of aquacul-
ture operations, lost of consumer confidence,
etc. Economic impacts have also been esti-
mated in tenns of cost of investment in dis-
ease research and other health management
programmes as well as economic invest-
ments (e.g. development of national strate-
gies, setting up of research institutes, oper-
ating costs for a reference laboratory, fund-
ing research and disease control programmes
and investments in development pro-
gramme). Available data reveal high figures
for both economic impacts and investments.
It could range from national level estimates
as low as US$ 17.5M (white spot disease
(WSD) of shrimp in Indiain 1994) to as high
as US$ 650M (for yellowhead virus and
WSD in Thailand in 1994) to a global esti-
mate of US$ 3019 (Israngkura and Sae-Hae
2002).

4. Strategies for Reducing the Risks of
Aquatic Animal Diseases

There are a number of strategies and ap-
proaches all aimed at minimizing the risks
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of'aquatic animal disease incursion. They are
briefly described below.
4.1. Compliance with international
codes, regional guidelines through
national strategies and other imple-
mentation mechanisms

Table 1 lists anumber of instruments (inter-
national treaties/codes, regional guidelines,
national strategies) concerned with aquatic
animal health. The general objective of these
guidelines is to assist countries in reducing
tlie risk of introduction and spread of seri-
ous TAADs via the international and domes-
tic movement of live aquatic animals. These
instruments are in a state of constant change
requiring revisions and modifications which
are necessitated by factors such as rapid de-
velopment in the aquaculture sector, increas-
ing knowledge on diseases and better under-
standing of the dynamics and epidemiology
ofaquatic diseases, improved diagnostic and
detection methods, emergence of unknown
diseases, changing trade patterns which re-
flect the changing political, social, industrial
and economic environments of trading coun-
tries, etc. Practical field application of such
guidelines will be required.

Improved compliance to these interna-
tional, regional and national instruments will
encourage adoption of appropriate practices,
assist in minimizing tlie risk of disease trans-
fer and other adverse effects on wild and
cultured stocks, promote responsible move-
ment of live aquatic animals and healthy
aquatic production.

4.2.
bio-security awareness at all levels

Increasing biosecurity and

General biosecurity issues had recently
gained an increased profile on a global ba-
sis. A range of factors are behind it. Interna-
tional trade in animals, plants and their prod-
ucts have diversified and increased in vol-
ume. As previously mentioned, this is now
accepted as a key contributor to the spread
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of pathogens from one region to another.
Many examples of this scenario exist in
aquaculture. Changing agricultural practices
result in new hazards to health that are able
to easily cross border. Changes in human
ecology and behaviour have also contributed
to the increased incidence and spread ofhaz-
ards of public, animal and plant health im-
portance. Alongside with trade liberalization,
the global community is increasingly de-
manding improved biosecurity in order to
ensure public health, protect tlie environment
and conserve biodiversity. In the long tenn,
effective biosecurity can be expected to im-
prove human health, support agricultural
development, improve food safety, maintain
biodiversity, protect the environment, in-
crease trade, improve genetics, and enable
greater access to market.

In aquaculture, increasing effective
biosecurity at all levels can be done, for ex-
ample, through the following:

1) Meaningful health certification ancl in-
tegrating quarantine aspart o fnational
biosecurity framework
Previous efforts in implementing quar-

antine have not been successful in prevent-

ing the spread the entry and spread of exotic

TAADs into national territory. Quarantine

was seen as a separate activity and as a pro-

cedure that should be applied to all imports
oflive aquatic animals. Quarantine measures
should now be fully integrated into national
strategies on aquatic animal health within the
overall biosecurity programmes as part of the
risk analysis process. Health certification is
aprerequisite for international movement of
live aquatic animals and an important and
integral part of the quarantine process. Stand-
ardization of science-based identification of
all risk pathways and high-risk organisms,
and implementation of pre-border, border
and post-border measures to prevent pests
and diseases from entering a country will be
necessary (Subasinghe and Bondad-Reantaso
20086).
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Table 1.

issues.

International codes/treaties/guidelines
OIlE's Aquatic Animal Health Code

Code of Practice on the Introductions and Transfers of

Marine Organisms
Exploration of the Seas (ICES)

Code of Conduct for Responsible Fisheries (CCRF) of the

Examples of different instruments at different levels concerned with aquatic animal health

Reference

OIE2007

ICES 1995

of the International Council for the

FAO 1995

Food and Agriculture Organization of the United Nations

(FAO)

Sanitary and Phyto-sanitary (SPS) Agreement of the World

Trade Organization

FAO Technical Guidelines for Responsible Fisheries. No. 5,

Suppl. 2.

of live aquatic animals.

Regional guidelines

Codes of Practice and Manual of Procedures for

WTO 1994; Chilaud 1996

FAO2007b

Health management for responsible movement

Turner 17

Consideration of Introductions and Transfers of Marine and

Freshwater Organisms
Advisory Commission (EIFAC)

FAO/NACA Asia regional technical guidelines for the

responsible movement of live aquatic animals

National strategies

AQUAPEAN: Australia's National Strategic Plan for Aquatic

Animal Health

NAAHP: Canada's National Aquatic Animal Health

Programme

USA's National Aquatic Animal Health Plan

Thailand's Strategic Plan for Aquatic Animal Health

2) Surveillanceprogramme and diagnostic
services to detect and identify the emer-
gence and spread o fdiseases and rapid
response
Two decades ago, tlie term ‘surveillance’

is totally unheard of in the field of aquatic

animal health. Surveillance programmes are
now becoming important tools to detect tlie
emergence of diseases. The focus should be
on early detection followed by a rapid re-
sponse to disease epizootics to prevent its

of the European Inland Fisheries

FAO/NACA 2000

http://www.daff.gov.au/animal-plant-
health/aquatic/aquaplan

Olivier 2004

Amos 2004

Kanchanakhan and Chinabut 2004

spread and establishment and if possible to
quickly eliminate the disease. With experi-
ence gained in establishing surveillance pro-
grammes and realizing the benefits of such
program, we now see a recent trend where
countries are now quick to implement
targetted surveillance for emerging diseases.

3) Risk analysis: timely assessment of the
threatfrom new or expanding species
Owing to the current global climate of

free trade, there is now a growing demand
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for public health and environmental protec-
tion. Risk analysis has become an important
tool to achieve tlie goals of protecting hu-
man, animal and plant healdi and biodiver-
sity. Governments and die private sector must
often make decisions based on incomplete
knowledge and a high degree of uncertainty.
Such decisions may have far-reaching social,
environmental and economic consequences.
Risk analysis is a structured process biat pro-
vides a flexible framework within which tlie
risks of adverse consequences resulting from
a course of action can be evaluated in a sys-
tematic, science-based manner. The risk
analysis approach pennits a défendable de-
cision to be reached on whether the risk
posed by a particular action or hazard is ac-
ceptable or not, and provides the means to
evaluate possible ways to reduce the risk
from an unacceptable level to one thatis ac-
ceptable. Aside from using risk analysis pro-
cedures as basis for assessing requests to
import live aquatic animals, more efforts
should be directed towards prioritizing risks
and looking at ways to reduce them effec-
tively by drawing on tlie entire arsenal ofrisk
management measures that are available.

4) Nationalframeworks to regulate, man-
age and control biosecurity
Responsible and good health manage-

ment will be key to healthy and sustainable

aquaculture production. The development
and implementation of national strategies on
aquatic animal health within the broader na-
tional aquaculture development plans and
biosecurity frameworks must be be continu-
ously pursued. The model for a national strat-

Box 1.
2007b).

Policy, legislation and enforcement
Risk analysis

Pathogen list

Information system

Health certification and quarantine

Surveillance, monitoring and reporting
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egy is comprehensive enough and provides
a good entry point for capacity building for
many countries, at whatever level ofnational
economic development they may currently
be. The focus should be centered on preven-
tion, responsible and better health manage-
ment practices and ensuring and maintain-
ing healthy aquatic production. A clear strat-
egy is required; policy decisions should be
based on best available science. Involvement
of partners (stakeholders) at all levels will
be necessary. Essential components of a
biosecurity and national strategy framework
are shown in Box 1 below:

In many countries, efforts are being
made to improve biosecurity and reduce risks
of aquatic diseases. However, the required
trained expertise, human capacity, institu-
tional capacity and arrangement, and ad-
equate allocation ofresources is significantly
lacking. This shortfall needs to be clearly
addressed and rectified to make any mean-
ingful improvements in national aquatic
biosecurity. In order for the national frame-
work to be effective, it needs an implemen-
tation plan, the authority and necessary re-
sources required for its implementation.
Therefore, strong national commitment from
concerned authority is necessary.

4.3. Empowering farmers to manage dis-
ease and other risks through imple-
mentation of better management
practices

Fanners, small-scale fanners in particular,
are key players in aquaculture production.
Pond/fann health management is cmcial in

Essential components of a biosecurity and national strategy framework (FAO

Zoning

Emergency preparedness
Research

Institutional structure

Human resource development

Regional and international cooperation
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order to deal with day-to-day situations in
farms in preventing and controlling serious
disease. Inequities in aquatic animal medi-
cine and/or husbandry education as well as
inaccurate information dissemination are
core issues. Empowering fanners with infor-
mation and tools such as better aquaculture
management practices or BMPs (e.g., good
fann hygiene such as hand washing between
tanks, separation of nets/tanks/stocks, main-
taining good water quality, proper handling
of fish; good record keeping, for example,
gross and environmental observations and
stoking records including movement records
of fish in and out of facility) or simple and
practical biosecurity measures at farm level
(e.g. proper quarantine of incoming fish; re-
moval of dead fish from ponds; drying and
liming of ponds; regular and correct disin-
fection procedures; exclusion of wild fish)
are all essential in understanding the disease
situation at tlie fann level. Education of fann-
ers and hobbyists on good health manage-
ment is the key to disease prevention and
early warning/reporting is the key to mini-
mize disease spread (Bondad-Reantaso and
Subasinghe 2005).

FAO’s global guidelines on health man-
agement for responsible movement of live
aquatic animals (FAO 2007b) have included
guidance for health management at tlie fann
and fann-cluster level. Box 2 lists a number
of essential elements on health management
which need to be addressed at tlie fann level.

Situation-specific BMPs developed with
fanners and tailored to their fanning systems
and the investment capacity of individual
fanners is an effective way to ensure fann
level biosecurity. The cluster management

approach is an effective way of addressing
biosecurity concerns at the fann level since
it involves direct and active participation of
a group of small-scale fanners, whom in-
volvement individually will otherwise not be
effective. Cluster management provides an
opportunity for addressing a common
biosecurity issue and finding a common so-
lution which at the individual level may ei-
ther not be possible or extremely difficult.

4.4. Scientific research and advice

Generating scientific information to support
biosecurity assessments will be indispensa-
ble. Bondad-Reantaso el al. (2005) made an
exhaustive list of research areas that will
support aquaculture biosecurity. These in-
clude research on pathways of pathogen
spread, methods for inactivation of infectiv-
ity, and “barrier” vaccination strategies. In
addition, epidemiological research need to
be carried out on biological factors (identi-
fication of at-risk populations, hazards, path-
ways, pattern of spread, incubation period,
nature of the pathogen), risk factors, inter-
ventions and methodologies (e.g., surveil-
lance techniques, disease outbreak model-
ling, use of geographic information systems).
Other essential research areas identified in-
clude pathogen studies, information on trade
and most importantly, biological pathways
for the introduction (release assessment),
establishment (exposure assessment) and
spread (consequence assessment) of a patho-
gen, host susceptibility, modes of transmis-
sion, infectivity, virulence and stability, in-
termediate hosts and vectors, and effects of
processing, storage and transport. Research
on bioremediation and other related aquatic

Box 2. Elements on health management which need to be addressed at the farm level.

Compliance with national legislation
Better management practices
On-farm disease prevention

Certification

Surveillance and reporting ofdisease

Cluster management

outbreaks

Emergency preparedness

Information sharing and farmereducation
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husbandry management tools will assist in
implementing better management practices.
Fornewly emerging diseases as well as some
diseases in poorly studied aquatic animal
species, basic studies on their pathology and
methods for rapid and accurate diagnosis (in-
cluding standardization, validation and in-
ter-calibration) are essential to facilitate ac-
curate risk assessment and biosecurity man-
agement. Increased surveillance of wild fish
to detect significant disease problems at an
early stage will also be required.

5. Emerging Issues

5.1.
therapeutants in aquaculture

Responsible use of chemo-

As in other food producing sector, the use of
chemicals in aquaculture is essential for a
successful production (Subasinghe 2004).
They are used in various ways (e.g. pond and
tank construction, soil and water manage-
ment, enhancement of natural aquatic pro-
ductivity, feed formulation, growth promo-
tion, healdi management, etc.) and there are
many benefits in the use of chemicals in
aquaculture. However, dieir use also presents
a number of potential risks (e.g. risk to die
environment, risks in human health and risks
to production systems, etc.). Particularly
important is for fanners to be infonned of
die benefits and the risks of chemical usage
in aquaculture so biat chemicals can be used
in a responsible and prudent way.

5.2. Climate change and disease
ecology

Very few studies have direct links on the
impact of climate change on aquatic animal
diseases. In general tenns, changes in rain-
fall and weather patterns triggered by global
wanning may affect the distribution of dis-
ease vectors and thus change the distribu-
tion of diseases that they transmit. In order
to understand the correlation of climate
change and disease ecology, it will be nec-
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essary to direct some of cunent research ef-
forts in doing retrospective analysis/case
studies that can illustrate tlie potential effects
of climate change on disease dynamics and
any link between climate and disease.

5.3. Fish welfare and fish health

There is now a growing interest in fish wel-
fare. One of the so-called “five freedom” is
freedom from pain, injury or disease—by
prevention or rapid diagnosis and treatment
(Damsgard el al. 2006). In practical fish
fanning, fish reared under poor welfare con-
ditions are more prone to disease. Studies
on fish welfare and its integration with fish
behaviour, fish physiology and fish health
are now used as tools in better understand-
ing fish welfare in fanned fish. As well,
guidelines for health and welfare monitor-
ing of fish used in research will also be forth-
coming. The issue of fish welfare and health
will become more prominent in tlie future
and the aquatic animal health community
should be prepared to tackle this.

5.4.
fisheries-veterinarian dialogue

Improving and strengthening

and cooperation

This is an area where joint efforts are re-
quired to achieve tangible outputs. As fish-
eries and veterinary authorities are the focal
points dealing with aquatic animal health
issues, a concerted effort is required to en-
hance the dialogue and to improve capacity
of appropriate authority/ies particularly in,
for example, in complying to the OIE stand-
ards, FAO guidelines and other related in-
ternational treaties and agreements. At the
corporate level, there is limited experience
in sharing responsibilities. Animal healdi has
been and still is the mandate of the veteri-
nary administration. For example, the use of
“competent authority” vs “veterinary author-
ity” in the OIE Code is quite recent. At the
corporate level, aquaculture is a new area of
animal production for veterinarians. For
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example, “aquatic veterinary surgeons” do
not have the same image as that of “veteri-
nary surgeons” for dogs or other fann ani-
mals. The study and practice of aquatic ani-
mal disease and health management has been
with biologists using the science approach
and not the medical approach. The veteri-
narian legacy is needed by the aquaculture
sector. In order to move forward, the current
challenge for veterinarians will be to posi-
don themselves on aquatic animals as they
have done for fann animals two hundred
years ago. A restructuring of the veterinary
curricula to include aquatic species will be
of central importance. The challenge for fish-
ery biologists will be to embrace the veteri-
nary knowledge. Mutual respect for each
profession, more dialogue and real coopera-
tion will be desirable.

5.5. Certification of aquatic animal
health service providers

A professional standards mechanism that
promotes and authorizes a certification pro-
tocol for aquatic animal health providers will
be useful in improving issues related to dis-
ease diagnosis, aquatic animal medicine, and
information dissemination. Certified aquatic
animal health service providers can offer
fanners an opportunity to identify and choose
qualified individuals; they will also provide
credibility to importers and consumers re-
garding product quality; such standards will
also lead to production of valid health cer-
tificates and ensure the competence of those
who are involved in providing and interpret-
ing information on the health status of
aquatic animals. As aquaculture continues to
expand as the fastest food producing sector,
we can expect an increasing demand in cer-
tification schemes for aquatic animal health
service providers, particularly in countries
orregions where disease diagnostic services
are provided by non-veterinarians.

6. Conclusions

Aquaculture development will continuously
bring new challenges to aquatic animal
healdi. A variety of strategies, approaches
and options have been proposed, experi-
mented and implemented. Tins is happening
within the context of increasing social scru-
tiny. International and regional guidelines
continue to be improved and added. National
strategies enable ad hoc compliance to these
standards with due respect to national pri-
orities, objectives and means. Increased co-
operation between fisheries and veterinary
authorities provides timely support to na-
tional plans. Certification is certainly one
critical issue, currently, because of'its multi-
ple and significant implications. Empower-
ing fanners to manage disease and other risks
is seen as the key to success under reducing
public funds. Global aquaculture develop-
ment therefore calls for innovative response
in health management.

Diseases do matter. It requires major
response by the government. Diseases can
disrupt the sector, international trade and
food supply but tlie impacts go beyond these
as it has social and financial consequences
as well, and in some cases, may have human
health issues. The credibility of the govern-
ment/country is at stake and failure to con-
trol will be a major risk. No amount of ef-
fort can eliminate tlie risk of danger from
diseases. Aside from tlie technical challenge,
the other challenges in dealing with disease
control are resource management, public re-
lations, communication, information man-
agement and endurance challenge. Dealing
with disease emergencies require the follow-
ing: (a) speed ofresponse, dedsion-making and
action; (b) systems of management, of infor-
mation and of communication; and (c) good
science. The overall objective must be to
minimise the risk of disease entering a coun-
try; maintaining alertness or vigilance will
be essential to achieve this.



206 M. G. BONDAD-REANTASO AND R. P. SIJBASINGHE

References

Amos K National aquatic animal health plan for the United States of America. /n: Arthur JR, Bondad-
Reantaso MG (eds). Capacity and Awareness Building on Import Risk Analysis for Aquatic Animals.
Proceedings ofthe workshops, 1-6 April 2000, Bangkok, Thailand and 12-17 August2002 in Mazatlan,
Mexico. APEC FWG 01/2002. NACA, Bangkok. 2004; 147-150.

Arthur JR. A briefoverview of international trade in live aquatic animals. /n: Arthur JR, Bondad-Reantaso MG
(eds). Capacity and Awareness Building on Import Risk Analysis for Aquatic Animals. Proceedings of
the workshops, 1-6 April 2000, Bangkok, Thailand and 12-17 August2002, Mazatlan, Mexico. APEC
FWG 01/2002. NACA, Bangkok. 2004; 1-7.

Baldock C. Health management issues in the rural livestock sector: useful lessons for consideration when
formulating programmes on health management in rural, small-scale aquaculture for livelihood. In:
Arthur JR, Phillips MJ, Subasinghe RP, Reantaso MB, MacRae IH (eds). Primary Aquatic Animal Health
Care in Rural, Small-Scale, Aquaculture Development. FAO Fish. Tech. Pap. No. 406, 2002; 7-1 9.

Bondad-Reantaso MG. Trans-boundary aquatic animal diseases/pathogens. /n: Arthur JR, Bondad-Reantaso
MG (eds). Capacity and Awareness Building on Import Risk Analysis for Aquatic Animals. Proceedings
of the workshop, 1-6 April 2002, Bangkok, Thailand and 12-17 August 2002, Mazatlan, Mexico.
APEC FWG 01/2002. Bangkok, Thailand. Network of Aquaculture Centres in Asia-Pacific (NACA).
2004; 9-22.

Bondad-Reantaso MG, Subasinghe RP. Review of KHV. Aquaculture Asia-Pacific Magazine 2005; 22-23.

Bondad-Reantaso MG, Subasinghe RP, Arthur JR, Ogawa K, Chinabut S, Adlard R, Tan Z, Shariff Mohammad.
Disease and health management in Asian aquaculture. Veterinary Parasitology 2005; 132: 249-272.

Chilaud T. The World Trade Organisation Agreement on the Application of Sanitary and Phytosanitary
Measures. Rev. Sei. Tech. Off. Int. Epizoot. 1996; 15: 733-741.

Damsgard B, Juell J-E, Braastad BO. Welfare in farmed fish. Fiskeriforskning, Report 5/2006. 2006.

FAO. Code of Conduct for Responsible Fisheries. FAO, Rome. 1995; 41 pp.

FAO. State of the world aquaculture 2006. FAO Fisheries Technical Paper. No. 500. FAO, Rome. 2007a;
134 pp.

FAO. Aquaculture development. 2. Health management for responsible movement of live aquatic animals.
FAO Technical Guidelines for Responsible Fisheries. No. 5, Stippi. 2. FAO, Rome. 2007b; 31 pp.
FAO/NACA. Asia Regional Technical Guidelines on Health Management for the Responsible Movement of
Five Aquatic Animals and the Beijing Consensus and Implementation Strategy. FAO Fisheries Techni-

cal Paper. No. 402. FAO, Rome. 2000. 53 pp.

ICES. ICES Code of practice on the introduction and transfers of marine organisms—1994. ICES Co-op. Res.
Rep. No. 204. 1995.

Israngkura A, Sae-Hae S. A review of the economic impacts of aquatic animal diseases. /n: Arthur JR, Phillips
MJ, Subasinghe RP, Reantaso MB, MacRae IH (eds). Primary Aquatic Animal Health Care in Rural,
Small-Scale, Aquaculture Development. FAO Fisheries Technical Paper. No. 406. 2002; 253-286.

Kanchanakhan S, Chinabut S. Strategies for aquatic animal health management in Thailand. /n: Arthur JR,
Bondad-Reantaso MG (eds). Capacity and Awareness Building on Import Risk Analysis for Aquatic
Animals. Proceedings of the workshops, 1-6 April 2000, Bangkok, Thailand and 12-17 August 2002
in Mazatlan, Mexico. APEC FWG 01/2002. NACA, Bangkok. 2004; 139-141.

OIE (Office International des Epizooties). OIE International Aquatic Animal Health Code. 6th ed. Office
International des Epizooties, Paris, France. 2007.

Olivier G. Canada's national aquatic animal health program, /n: Arthur JR, Bondad-Reantaso MG (eds).
Capacity and Awareness Building on Import Risk Analysis for Aquatic Animals. Proceedings of the
workshops, 1-6 April 2000, Bangkok, Thailand and 12-1 7 August 2002 in Mazatlan, Mexico. APEC
FWG 01/2002. NACA, Bangkok. 2004; 115-11 7.

Subasinghe RP. Risks of chemical usage in aquaculture. /n: Arthur JR, Bondad-Reantaso MG (eds). Capacity
and Awareness Building on Import Risk Analysis for Aquatic Animals. Proceedings of the workshops,
1-6 April 2000, Bangkok, Thailand and 12-17 August 2002 in Mazatlan, Mexico. APEC FWG 01/
2002. NACA, Bangkok. 2004; 33-36.

Subasinghe RP, Bondad-Reantaso MG. Biosecurity in Aquaculture: International A greements and Instru-
ments, their Compliance, Prospects and Challenges for Developing Countries. /n: Scarfe AD, Fee C-S,
O'Bryen P (eds). Aquaculture Biosecurity: Prevention, Control and Eradication of Aquatic Animal Dis-
ease. Blackwell Publishing. 2006; 9-16.



The role of aquatic animal health 207

Turner, G (ed). Codes of Practice and Manual of Procedures for Consideration of Introductions and Trans-
fers of Marine and Freshwater Organisms. EIFAC Occasional Paper No. 23. European Inland Fisheries
Advisory Commission. Food and Agriculture Organization of the United Nations, Rome, Italy. 1988.

WTO (World Trade Organization). Agreement on the Application of Sanitary and Phytosanitary Measures.
In: The results of the Uruguay Round of multilateral trade negotiations: the legal texts, General Agree-
ment on Tariff and Trade (GATT). WTO, Geneva. 1994; 69-84.



